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Typhoid fever remains a serious problem in developing countries. Current vaccines are licensed for indi-
viduals who are 5 years old or older. A conjugate of the capsular polysaccharide (CP) of Salmonella enterica
serovar Typhi (Vi) bound to recombinant exoprotein A of Pseudomonas aeruginosa (Vi-rEPA) enhanced Vi
immunogenicity and protected 2- to 5-year-olds in Vietnam. In this study, Vi-rEPA was evaluated for use in
infants. A total of 301 full-term Vietnamese infants received Expanded Program on Immunization (EPI)
vaccines alone or with Vi-rEPA or Haemophilus influenzae type b-tetanus toxoid conjugate (Hib-TT) at 2, 4, and
6 months and Vi-rEPA or Hib-TT alone at 12 months. Infants were visited 6, 24, and 48 h after each injection
to monitor adverse reactions. Maternal, cord, and infant sera were assayed for IgG anti-Vi and for IgG
antibodies to Hib CP and the diphtheria, tetanus, and pertussis toxins at 7, 12, and 13 months. No vaccine-
related serious adverse reactions occurred. In the Vi-rEPA group, the IgG anti-Vi geometric mean (GM)
increased from the cord level of 0.66 to 17.4 enzyme-linked immunosorbent assay units (EU) at 7 months,
declined to 4.76 EU at 12 months, and increased to 50.1 EU 1 month after the 4th dose (95% of infants had
levels of >3.5 EU, the estimated protective level). Controls had no increase of the IgG anti-Vi GM. Infants with
cord anti-Vi levels of <3.5 EU responded with significantly higher IgG anti-Vi levels than those with levels of
>3.5 EU. Anti-diphtheria, -tetanus, and -pertussis toxin levels were similar in all groups. Vi-rEPA was safe,
induced protective anti-Vi levels, and was compatible with EPI vaccines, and it can be used in infants. High
cord IgG anti-Vi levels partially suppressed infant responses to Vi-rEPA.

Typhoid fever remains a common, serious, and difficult-to-
treat disease throughout the world, including Vietnam (6, 20).
In the Mekong Delta region, the incidence of typhoid in 2- to
4-year-olds is similar to that in school-age children (20). Sim-
ilar findings have been reported in other Asian countries (4, 24,
30). Typhoid is still a difficult diagnosis to make. Affected
infants are often unrecognized because of atypical presenta-
tions, and it is often difficult to obtain adequate amounts of
blood for culture, the most reliable available diagnostic test,
which still identifies only 50% of cases diagnosed by bone
marrow culture (the most sensitive assay) (9, 11). Lastly, it has
not been possible to mobilize personnel and vaccines to im-
munize the population during outbreaks of typhoid (22, 34).
These data indicate that effective vaccination for typhoid
should be administered as part of the routine immunization of
infants.

The three licensed typhoid vaccines (parenteral inactivated
whole-cell vaccine, oral attenuated Salmonella enterica serovar
Typhi Ty21a, and parenteral Vi polysaccharide) confer approx-
imately 70% protection to older children and adults and do not
protect young children (1, 13, 18). We planned to develop a
typhoid vaccine to administer to infants as part of their routine

immunization. The immunologic properties of Vi polysaccha-
ride (Vi) were improved by binding it to a recombinant Pseu-
domonas aeruginosa exoprotein A (rEPA) (33). Vi-rEPA was
89% effective at preventing blood culture-confirmed typhoid
fever in 2- to 5-year-olds and induced high levels of serum IgG
anti-Vi (16, 17, 21). A minimal protective level of 3.5 enzyme-
linked immunosorbent assay units (ELISA units [EU]) was
inferred from the level of anti-Vi 46 months after immuniza-
tion (17).

We report the safety, immunogenicity, and compatibility of
Vi-rEPA administered to infants concurrently with their rou-
tine vaccines. The effects of maternal IgG anti-Vi levels on the
infants’ antibody responses to Vi-rEPA were also measured.

MATERIALS AND METHODS

The study protocol (OH-99-CH-N050) was approved for investigation by the
institutional review boards of the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD), National Institutes of Health
(NIH), the Ministry of Health, Vietnam, and the Center for Biologics Evaluation
and Research of the U.S. Food and Drug Administration.

Study design. This study was conducted in Thanh Thuy District, Phu Tho
Province, Vietnam, a rural area about 85 kilometers southwest of Hanoi with
�78,000 residents in 15 communes and approximately 1,200 births annually.
Each commune had a health center, and the district hospital provided outpatient
and inpatient services. Prenatal and delivery services were provided at the com-
mune health centers and the district hospital. About 60% of infants were deliv-
ered at the commune health centers, and 37% were delivered at the district
hospital.

Clinical protocol. Informed consent was obtained at prenatal visits during the
third trimester. Maternal blood was obtained during labor, and cord blood was
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obtained at delivery. Only full-term newborns with birth weights of �2,500 g
were enrolled. Those without maternal and cord blood or newborns born to
mothers with serious medical problems were excluded. The vaccines were ad-
ministered and blood samples collected on the 20th day of each month at the
commune health centers.

Enrolled newborns were randomized to receive vaccines of the Expanded
Program on Immunization (EPI) alone, with Vi-rEPA, or with Haemophilus
influenzae type b-tetanus toxoid conjugate (Hib-TT) (not yet used routinely in
Vietnam) at 2, 4, and 6 months of age. A fourth dose of Vi-rEPA or Hib-TT was
administered at 12 months. EPI vaccines administered with Vi-rEPA or Hib-TT
included diphtheria-tetanus-pertussis (DTP) vaccine, oral polio vaccine (OPV),
and hepatitis B vaccine at 2 and 4 months and DTP vaccine at 6 months of age.
The Hib-TT group was included to provide a comparison of safety and immu-
nogenicity data for an unrelated conjugate. Vi-rEPA and Hib-TT were admin-
istered at different sites from EPI vaccines. Infant blood samples were collected
at 7, 12, and 13 months via venipuncture. Local reactions were recorded for each
injection site. Before vaccination, the infants were examined by the health staff
and their axillary temperatures measured. Those without signs of infection and
who had a normal temperature were vaccinated. Vaccinees were observed at the
clinic for 30 min after injection. They were visited by the commune health staff
6, 24, and 48 h after each vaccination for measurement of temperature and
inspection of the injection sites.

Vaccines. Vi-rEPA was synthesized and produced as described previously (15,
16). Vi-rEPA, containing a 25-�g dose of Vi (Sanofi-Pasteur lot 130) (38) and
rEPA in 0.2 N NaCl, 10 mM phosphate, pH 7.2, and 0.01% thimerosal, was
dispensed in single-dose vials and stored at 4 to 7°C at the Pharmaceutical
Development Section, Clinical Center, NIH. Hib-TT (ActHib; Sanofi-Pasteur,
France) was obtained in single-dose vials containing 10 �g of Hib capsular
polysaccharide (CP) conjugated to 24 �g of tetanus toxoid. DTP, OPV, and
hepatitis B vaccines were obtained from the Ministry of Health, Vietnam.

Serum antibody assays. IgG anti-Vi levels in all sera were measured by
ELISA, and antibody levels were expressed in EU (15, 23). IgG anti-Hib CP,
anti-diphtheria toxoid (anti-DT), anti-tetanus toxoid (anti-TT), and anti-pertus-
sis toxin (anti-PT) in sera of 30 randomly chosen infants/group were measured by
ELISA. TT was obtained from the Lanzhou Institute of Biological Products,
China, DT was obtained from the Chengdu Institute of Biological Products,
China, and PT was obtained from the Wuhan Institute of Biological Prod-
ucts, China. Anti-DT, -PT, -TT, and -Hib CP levels were compared among
groups. For statistical analyses, antibody levels below the level of detection were
assigned half of the detectable values, as follows: for Vi, 0.001 EU/ml; for TT,
0.001 IU/ml; for DT, 0.05 EU/ml; for PT, 0.077 U/ml; and for Hib, 0.01 �g/ml.
Our estimated minimal protective level for IgG anti-Vi was 3.5 EU/ml (17).

Statistical analyses. The chi-square test or Fisher’s exact test was used to
compare proportions. Antibody data were expressed as geometric means (GM)
and compared by a two-sided t test (12). The effect of the cord IgG anti-Vi level
on the infant antibody response to the 4th injection was assessed by multivariate
linear regression, taking into account the IgG anti-Vi level at 12 months. Ma-
ternal and infant characteristics for those with cord anti-Vi levels of �3.5 EU at
a significance level (P) of �0.1 in bivariate analyses were considered potential
confounders in multivariate regression models. The threshold for statistical sig-
nificance was a P value of �0.05.

RESULTS

Study participants. A total of 318 healthy full-term infants
(161 males and 157 females) born between 26 July 2006 and 8
March 2007 were enrolled in the study and randomized into
groups (Fig. 1). Maternal and cord blood samples were col-
lected from 307 subjects, cord blood only was collected from
10, and maternal blood only was collected from 1. Seventeen
infants were withdrawn from the study before the first injec-
tion: 10 parents changed their minds, 5 were ill on the day of
vaccination, and 2 moved out of the area. As a result, 301
infants comprised the study group, with 100 in the Vi-rEPA
group, 101 in the Hib-TT group, and 100 in the EPI group (Fig.
1). Another 60 were withdrawn or lost to follow-up, including
7 after the first injection, 11 after the second, 35 after the third,
and 7 after the fourth: 26 parents withdrew because of con-
cerns about the child’s well-being (43.3%), 16 withdrew due to

illness on the vaccination day (26.6%), 10 refused blood sam-
pling (16.6%), 3 moved out of the area (5.0%), 3 gave no
reasons (5.0%), and 2 withdrew due to the child’s death
(3.3%).

Infants’ gestational ages ranged from 37 to 44 weeks, and
birth weights were �2,500 g (median, 3,000 g). All had a
normal neonatal course. Mothers’ ages ranged from 17 to 38
years (median, 24 years). The median maternal ages, gesta-
tional ages, birth weights, and maternal ages were similar
among the three groups.

Vaccination. Three hundred one infants received the first
injection, 294 the second, 283 the third, and 167 the fourth of
either Vi-rEPA or Hib-TT. The numbers of infants who re-
ceived the first, second, and third injections were similar
among the three groups, and the numbers that received the
fourth injection were similar between the Vi-rEPA and
Hib-TT groups (Fig. 1). The mean age at each injection for
each of the three groups was 76 to 77 days for the first injection
(range, 61 to 92 days), 137 days for the second (range, 120 to
154 days), 197 to 198 days for the third (range, 181 to 212
days), and 381 to 382 days for the fourth (range, 365 to 420
days).

Vaccine safety. There were no vaccine-related serious ad-
verse events (Table 1). Only the highest temperature and max-
imal local reaction for each individual were used for analyses.
No differences were found among the three groups. The most
common minor adverse reaction was mild fever (temperature
of 38.0 to 38.4°C) on the day of first injection, which subsided
the next day, in 14 to 18% of vaccinees of each vaccine group.

(i) Fever. After the first injection, 63 (20.9%) infants had a
temperature of �38.0°C (maximum, 39.8°C): 22 in the Vi-
rEPA group, 24 in the Hib-TT group, and 17 in the EPI group.
This fever lasted for �24 h in 59 vaccinees and for 24 to 48 h
in 4 vaccinees. One infant in the Vi-rEPA group had a tem-
perature of 39.8°C 6 h after injection which had returned to
normal at 24 h. After the second injection, 20 infants had a
temperature of �38.0°C (maximum, 39.2°C): 7 each in the
Vi-rEPA and Hib-TT groups and 6 in the EPI group. This
fever lasted for �24 h in 18 vaccinees and for 24 to 48 h in 2
vaccinees. After the third injection, 6 infants had a tempera-
ture between 38.0°C and 39.5°C: 4 in the Vi-rEPA group, 2 in
the Hib-TT group, and none in the EPI group. All fevers lasted
for �24 h. After the fourth injection, 2 infants in the Vi-rEPA
group had a temperature of 38.0°C, and none of the infants in
the Hib-TT group had a fever. No fever was associated with
convulsions or intercurrent infections.

(ii) Local reactions. Induration of �2.5 cm was observed at
14 injection sites (10 after the first injection and 4 after the
second), with a maximal size of 4 cm. All but one occurred at
the DTP site, and none lasted for �48 h. Erythema of �5 cm
was observed at 10 injection sites (8 at the DTP site and 1 each
at the Vi-rEPA and Hib-TT sites); 8 incidences were 5 to 7 cm,
and 1 each at the DTP and Hib-TT sites was 15 cm. All
subsided within 2 days.

(iii) Systemic reactions. Inconsolable crying was reported
for 17 infants after the first injection, lasting from 15 min to
6 h: seven cases lasted for �1 h, six for 1 to 2 h, one for 2.5 h,
two for 5 h, and one for 6 h. Two deaths, not related to
vaccination, were reported: a 5-month-old who received 1 in-
jection of Vi-rEPA at 2.5 months of age died of septicemia
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following an operation for “nonfunctioning” kidneys, and a
4-month-old died of pneumonia 19 days after the second in-
jection of Hib-TT.

Serum IgG anti-Vi. The IgG anti-Vi GM for maternal and
cord sera were similar among the 3 groups (Table 2). Among
mothers who were �30 years of age, 20% had anti-Vi levels of
�3.5 EU (estimated protective level), compared to 6% of
those who were �30 years old (P � 0.001).

At 7 months, the IgG anti-Vi GM for the Vi-rEPA group
increased from the cord level of 0.66 to 17.42 EU (P � 0.001),
with 90% of infants having levels of �3.5 EU. At 12 months, it
dropped to 4.76 EU (P � 0.001), with 62% of infants having
levels of �3.5 EU. At 13 months, 1 month after the fourth
injection, the GM rose to 50.07 EU (P � 0.001), with 95% of
infants having levels of �3.5 EU. The serum IgG anti-Vi GM
for the Hib-TT and EPI groups, in contrast, declined from cord
levels of 0.55 and 0.52 EU to 0.16 and 0.05 EU, respectively, at
7 months and remained at about these levels through 13
months of age. Two infants in the Hib-TT group and another
two in the EPI group had elevated anti-Vi levels at 7 months.
Anti-Vi levels of these 4 infants declined at 12 months; in 2 of
the infants, anti-Vi levels were �3.5 EU. These two had no

blood samples at 13 months. We were unable to verify whether
these four infants received Vi-rEPA vaccine inadvertently or
their serum samples were mislabeled.

Effect of cord IgG anti-Vi level on infant antibody response.
The estimated protective level (3.5 EU) was used to define
high and low cord anti-Vi levels. Of the 90 infants in the
Vi-rEPA group whose serum samples were collected at 7
months (1 month after the third injection), 81 were in the low
group (IgG anti-Vi GM, 0.57 EU) and 9 were in the high group
(IgG anti-Vi GM, 6.83 EU) (Table 3). For infants in the low
group, the IgG anti-Vi GM increased from the cord level of
0.57 EU to 20.3 EU at 7 months, declined to 5.32 EU at 12
months, and rose to 60.5 EU at 13 months. For infants in the
high group, however, an increase of IgG anti-Vi GM, from 1.87
to 9.13 EU, was not observed until 13 months. Nine infants in
the EPI group and 6 in the Hib-TT group had high cord anti-Vi
levels; their IgG anti-Vi GM declined from 11.23 EU at birth
to 0.11 EU at 7 months.

IgG anti-Vi GM after injections were significantly higher at
all times for infants of the low cord group than for those of the
high cord group. The percentage of infants that achieved a
level of �3.5 EU was higher for infants of the low cord group

FIG. 1. Flow chart of vaccinations.
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than for those of the high cord group: 93.8% versus 55.6%
(P � 0.001) at 7 months, 65.8% versus 33.3% (P � 0.006) at 12
months, and 97.2% versus 75.0% (P � 0.048) at 13 months.
Multiple regression analysis was used to assess whether the
cord and 12-month levels independently affected the response
at 13 months. The results showed that cord and 12-month
levels were independently associated with the response at 13
months (P � 0.001) and that high cord anti-Vi levels continued
to partially suppress the response at 13 months.

Antibody responses to tetanus and diphtheria toxoids, per-
tussis toxin, and Hib CP. There were no differences in IgG
GM for antibodies to DT, PT, and Hib CP between the Vi-
rEPA and EPI groups at all time points (Table 4). Recipients
of Hib-TT had similar levels of DT and PT antibodies to those
of the Vi-rEPA and EPI groups. At 7 months, all groups had
similar levels of anti-TT. The levels declined at 12 months for
all groups; infants of the Hib-TT group, however, had a higher
anti-TT GM than those for the Vi-rEPA and EPI groups (0.87

TABLE 1. Adverse reactions after vaccinationa

Reaction

No. of infants with reaction

First injection Second injection Third injection Fourth
injectionb

Vi-rEPA
(n �100)

Hib-TT
(n �101)

EPI
(n �100)

Vi-rEPA
(n �96)

Hib-TT
(n �99)

EPI
(n �99)

Vi-rEPA
(n �92)

Hib-TT
(n �94)

EPI
(n �97)

Vi-rEPA
(n �84)

Fever
38.0-38.4°C 16 18 14 5 6 6 3 2 0 2
38.5-39.5°C 5 6 3 2 1 0 1 0 0 0
�39.5°C 1 0 0 0 0 0 0 0 0 0

Induration of �2.5 cm
DTP site 2 2 5 1 1 2 0 0 0
Vi-rEPA or Hib-TT site 1 0 0 0 0 0 0

Erythema of �5 cm
DTP site 3 1 4 0 0 0 0 0 0
Vi-rEPA or Hib-TT site 2 0 0 0 0 0 0

Inconsolable crying
�4 h 5 7 2 0 0 0 0 0 0 0
�4 h 2 1 0 0 0 0 0 0 0 0

a Axillary temperatures and induration and erythema at the injection site were recorded at 6, 24, and 48 h for each participant. No vaccine-related serious events
were observed. EPI, Expanded Program on Immunization. EPI vaccines included DTP, OPV, and hepatitis B vaccines at 2 and 4 months and DTP vaccine at 6 months.
Vi-rEPA or Hib-TT was given with the EPI vaccines at 2, 4, and 6 months and alone at 12 months.

b No adverse reactions were observed in the Hib-TT group (n � 83) after the fourth injection.

TABLE 2. Serum IgG anti-Vi levels of vaccinees

Vaccine group and parametera

Value

Maternal
serum

Cord
serum

7-Mo
serum

12-Mo
serum

13-Mo
serum

Vi-rEPA
n 96 100 90 85 80
GM 0.58 0.66 17.42 4.76 50.07
25th-75th percentile 0.24–1.17 0.30–1.46 7.33–47.25 2.20–12.71 22.33–133.61
% of samples with �3.5 EUb 10.4 9.0 90.0 62.4 95.0

Hib-TT
n 97 100 91 81 79
GM 0.46 0.55 0.16 0.17 0.19
25th-75th percentile 0.23–0.85 0.26–1.02 0.10–0.25 0.11–0.27 0.11–0.27
% of samples with �3.5 EUb 5.2 6.0 2.2 1.2 0

EPI
n 97 100 92 81
GM 0.51 0.52 0.05 0.04
25th-75th percentile 0.20–1.25 0.20–0.98 0.02–0.09 0.02–0.08 NAc

% of samples with �3.5 EUb 10.3 9.0 2.2 1.2

a EPI, Expanded Program on Immunization. The EPI vaccines included DTP, OPV, and hepatitis B vaccines at 2 and 4 months and DTP vaccine at 6 months.
Vi-rEPA or Hib-TT was given with the EPI vaccines at 2, 4, and 6 months and alone at 12 months.

b Estimated protective level (17).
c NA, not available.
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versus 0.46 [P � 0.002] and 0.87 versus 0.53 [P � 0.001],
respectively). At 13 months (1 month after the 4th injection),
recipients of Hib-TT had higher levels of anti-TT than recip-
ients of Vi-rEPA (5.15 versus 0.39 [P � 0.001]), likely due to
the additional dose of Hib-TT. The 3 groups had similar cord
anti-Hib IgG GM. There was a significant rise of anti-Hib 1
month after 3 injections of Hib-TT (8.35 �g/ml) that declined
to 1.79 �g/ml at 12 months and rose to 24.6 �g/ml after the 4th
injection. Similar to anti-Vi IgG responses, anti-Hib IgG re-
sponses were inversely correlated with the cord level (R2 �
0.92) (not shown).

DISCUSSION

In a randomized, vaccine-controlled study of infants in Viet-
nam, Vi-rEPA was safe, elicited protective levels of IgG anti-Vi,
and was compatible with EPI vaccines. These data show that
Vi-rEPA can be added to the routine immunization of infants in
countries where typhoid fever is prevalent. Immunization for ty-

phoid fever added to the EPI vaccines would have avoided the
quandary that befell Tajikistan public health officials in 1996 when
drinking water became contaminated with fecal material, result-
ing in 8,901 typhoid cases and 95 deaths (22). During the peak 5
months of this outbreak, typhoid vaccine administration could not
be implemented. Similar outbreaks in Vietnam and Nepal have
been reported recently (5, 19). The availability of a safe, effective
vaccine that elicits long-lasting immunity would be a welcome
addition to the routine immunization of infants. The addition of
lipopolysaccharide (LPS)-based conjugates to Vi conjugates, such
as a Salmonella enterica serovar Paratyphi A-based conjugate in
Southeast Asia, an S. enterica serovar Typhimurium-based conju-
gate in Africa, and a Shigella-based conjugate at both sites, could
result in substantially improved health at all ages (14, 26, 36).

The suppressive effect of high levels of maternally derived IgG
antibody upon infant antibody responses has been demonstrated
for bacterial (diphtheria and tetanus toxoids and pertussis toxin),
polysaccharide, and viral vaccines (2, 3, 7, 8, 10, 25, 26, 27, 28, 29,
31, 35). High levels of maternally derived Vi antibodies exerted

TABLE 3. Vaccinee responses to Vi-rEPA according to cord IgG anti-Vi levels

Cord level group and parametera
Value

Cord blood 7-Mo serum 12-Mo serum 13-Mo serum

Cord levels of �3.5 EU (high)
n 9 9 9 8
GM 6.83 4.40 1.87 9.13
25th-75th percentiles 4.78–8.50 1.38–15.22 0.67–4.79 4.69–46.74
No. (%) of samples with �3.5 EU 9 (100.0) 5 (55.6) 3 (33.3) 6 (75.0)

Cord levels of �3.5 EU (low)
n 81 81 76 72
GM 0.57 20.29 5.32 60.49
25th-75th percentiles 0.29–1.10 7.66–51.67 2.27–14.10 32.40–142.99
No. (%) of samples with �3.5 EU 0 76 (93.8) 50 (65.8) 70 (97.2)

a The GM at each time point were compared within the groups and between the high and low groups. Those with P values of �0.05 were as follows: high cord group,
1.87 versus 9.13 (P � 0.04); low cord group, 0.57 versus 20.29, 20.29 versus 5.32, and 5.32 versus 60.49 (P � 0.001); and high versus low cord group, 4.40 versus 20.29
(P � 0.009) at 7 months, 1.87 versus 5.32 (P � 0.02) at 12 months, 9.13 versus 60.49 (P � 0.005) at 13 months, 55.6% versus 93.8% (P � 0.001) at 7 months, 33.3%
versus 65.8% (P � 0.006) at 12 months, and 75% versus 97.2% (P � 0.048) at 13 months.

TABLE 4. Serum IgG antibodies to TT, DT, PT, and Hib CP of vaccinees

Antibody Vaccine
group (n)

GM (25th-75th percentiles)a

Cord serum 7-Mo serum 12-Mo serum 13-Mo serum

Anti-TT (IU/ml) Vi-rEPA (30) 4.81 (2.94–10.62) 4.18 (3.18–6.97) 0.46 (0.36–0.69) 0.39 (0.31–0.56)
Hib-TT (30) 3.92 (1.98–7.58) 5.16 (3.16–8.32) 0.87 (0.73–1.17) 5.15 (2.85–12.01)
EPI (26) 4.37 (1.01–12.91) 4.03 (2.78–5.28) 0.53 (0.37–0.74) NA

Anti-DT (EU/ml) Vi-rEPA (30) 8.29 (6.20–14.13) 62.10 (42.25–96.58) 8.27 (5.62–13.24) 7.93 (6.06–11.19)
Hib-TT (30) 8.63 (4.39–16.65) 74.56 (34.93–152.93) 10.07 (4.95–18.78) 8.66 (4.33–15.42)
EPI (26) 11.84 (6.14–15.94) 55.79 (41.18–97.30) 9.10 (5.60–15.68) NA

Anti-PT (U/ml) Vi-rEPA (30) 26.58 (18.04–38.86) 199.72 (125.36–522.88) 30.86 (20.38–77.06) 25.86 (14.89–51.21)
Hib-TT (30) 33.71 (22.62–54.55) 311.91 (166.06–467.77) 41.03 (19.86–73.04) 33.52 (14.51–70.22)
EPI (26) 25.30 (18.36–39.67) 283.67 (156.11–554.64) 42.94 (28.31–71.89) NA

Anti-Hib (�g/ml) Vi-rEPA (30) 2.11 (0.99–3.95) 0.32 (0.11–0.53) 0.29 (0.09–1.23) 0.29 (0.09–1.04)
Hib-TT (30) 1.33 (0.75–3.18) 8.35 (2.95–29.65) 1.79 (0.98–3.21) 24.53 (10.23–68.26)
EPI (26) 2.0 (0.87–3.90) 0.33 (0.20–0.38) 0.37 (0.20–0.52) NA

a The GM at each time point were compared between groups: Vi-rEPA versus Hib-TT groups, Vi-rEPA versus EPI group, and Hib-TT versus EPI group. Those with
P values of �0.05 were as follows: for anti-TT GM at 12 months, 0.46 versus 0.87 (P � 0.001) and 0.53 versus 0.87 (P � 0.01); for anti-TT GM at 13 months, 0.39 versus
5.15 (P � 0.001); and for anti-Hib GM at 7, 12, and 13 months, Hib-TT versus EPI group and Hib-TT versus Vi-rEPA group (all P values were �0.001). NA, not
available.
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this suppressive effect on infants’ vaccine-induced anti-Vi levels at
7, 12, and 13 months of age. This suppressive effect was also
related to the age-related IgG anti-Vi levels of the mothers. Fur-
ther studies of this effect may be needed to guide the immuniza-
tion schedule in areas where typhoid is endemic, where high levels
of anti-Vi occur in women of child-bearing age (15). Another
factor that might affect the immunogenicity of Vi conjugates was
demonstrated recently, as extreme preterm birth (�28 to 30
weeks of gestation) was associated with lower serum antibody
responses to several vaccines, including Vi, Hib, tetanus, and
polio vaccines (7). We suggest that some “vaccine failures” could
be due to either prematurity or high levels of maternally derived
antibodies.

As shown for other polysaccharide vaccines, immunization with
Vi polysaccharide at �2 years of age induced herd immunity in
Kolkata, India (32). Vi conjugate is a better immunogen than Vi
at all ages and should be used widely in areas of high typhoid
endemicity. In addition to prevention of acute typhoid fever,
vaccination against typhoid fever should prevent the chronic car-
rier state and extraintestinal complications such as hepatobiliary
cancers (37).
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